Introduction
The People's Republic of China has become a country with an aging population, which is growing rapidly and will peak by the middle of this century. 1, 2 Changes in the age structure of the population will have a major impact on the overall health of this country and its health care system.
In the People's Republic of China and throughout the rest of the world, the high prevalence of acute myocardial infarction (MI) places an enormous economic burden upon societies, and the largest component of medical expenditure is inpatient hospital care. [3] [4] [5] [6] Despite a significant reduction in mortality rates associated with cardiovascular disease in the era of percutaneous coronary intervention (PCI), acute MI continues to be a leading cause of hospital admission and death in older adults, 7, 8 because the risk of acute MI increases with age. 9 Diabetes mellitus is a growing national epidemic [10] [11] [12] and is an independent predictor of mortality in patients with acute MI. [13] [14] [15] [16] [17] The incidence of diabetes in patients with acute MI is already showing a gradual upward trend. [18] [19] [20] This article was published in the following Dove Press journal: Clinical Interventions in Aging 25 April 2014 Number of times this article has been viewed submit your manuscript | www.dovepress.com
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The prevalence of diabetes increases with age. [21] [22] [23] Age is an important determinant of care in patients with acute MI, with older patients receiving treatment less often than their younger counterparts [24] [25] [26] and those aged 65 years and older having a higher mortality risk than younger patients after PCI for acute MI. 27 However, Nicolau et al estimated that hyperglycemia in patients with acute MI is a better predictor of mortality in younger patients than in the elderly population. 28 Previous studies have shown that primary PCI can reduce both early and late adverse events in diabetic patients with acute MI, 29 and diabetics hospitalized for acute MI incur more costs than nondiabetics. 19, 30 However, no data are currently available for the role of diabetes in the outcome of PCI and hospitalization costs in older inpatients with acute MI.
Older diabetics have a two-fold increased risk of dying from acute MI. However, few studies to date have examined the relationship between hospitalization costs, clinical treatment, and prognosis. The aim of this study was to evaluate the impact of type 2 diabetes mellitus on hospitalization costs in older patients with acute MI. The aging population of the People's Republic of China is growing rapidly, and older populations have an increased need for primary care. Therefore, it is important to be able to estimate the impact of diabetes on hospitalization costs in older patients with acute MI, and increase public awareness of the issues involved in taking care of the elderly. Our study data may be helpful for clinicians when devising appropriate treatment strategies and may also assist policy-makers in making informed decisions about future health policy and budgets. 
study population
The diagnostic criteria for acute MI included chest pain lasting 20 minutes or more that was not relieved by nitrates, electrocardiographic changes suggestive of evolving MI, and a subsequent increase in cardiac enzyme levels to more than twice the upper limit of normal. Patients with acute MI and aged 26-97 years were identified from the case retrieval system data. The following inclusion criteria were used: acute MI explicitly included in the discharge diagnosis; a discharge diagnosis of acute coronary syndrome (including acute MI and unstable angina) and cardiac troponin I .0.06 ng/mL; and emergency PCI. Patients with type 2 diabetes mellitus were identified by diagnosis at discharge. The study subjects were divided into two age groups, ie, ,65 years and $65 years. A total of 113 younger diabetic patients, 256 younger nondiabetic patients, 137 older diabetic patients, and 227 older nondiabetic patients were included. Patients who electively interrupted treatment in hospital were excluded.
Definition of variables
Forty-seven variables in the case retrieval system data were defined for this study. Patient demographic characteristics, laboratory test results, coronary angiography results, whether or not a stent was implanted, drug use during hospitalization, cardiovascular events during the follow-up period (duration of hospital stay only) including acute heart failure (HF) were defined according to records which showed that patients suffered from acute HF, atrial arrhythmia, ventricular arrhythmia, secondary revascularization, rescue, and death. Hospitalization costs over the follow-up period, including total hospitalization costs, treatment costs (including custody fee, rescue fee, interventional treatment costs), total drug costs, laboratory testing fees, inspection fees, consultation fees, bed fees, and nursing fees were defined. Categorical variables were assigned 1 or 0 according to whether present or absent.
statistical analysis
Statistical Package for the Social Sciences version 17.0 software (IBM Corporation, Armonk, NY, USA) was used for the data analysis. Continuous variables were expressed as the mean ± standard deviation and categorical variables were expressed as frequencies. One-way analysis of variance was used to compare the means of four samples. The relationship between qualitative variables was evaluated using the χ 2 test or Fisher's exact test. The results were considered to be statistically significant at a P-value of ,0.05. A univariate general linear model was used to estimate the interaction between diabetes, stenting, and hospitalization costs. To identify factors possibly predictive of hospitalization costs, we constructed multiple linear regression models in which hospitalization costs were considered to be dependent variables and the others as independent variables. The stepwise variable selection method was used for all analysis. The results are presented with regression coefficients and 
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Fu et al P-values. In linear regression, the regression coefficient represents the increase in the response variable produced by a one-unit increase in the predictor variable associated with that coefficient. The value of the coefficient of determination, R², is also reported for each of the fitted models. A binary logistic regression model was used to identify factors affecting the incidence of acute HF.
Cost-effectiveness analysis
A cost-effectiveness analysis was included in this study as an effectiveness measure to compare the value of different interventions across acute MI patients in terms of avoiding cardiovascular events. Cost-effectiveness ratio (CER), which is a measure of the incidence of cardiovascular events per average costs in this study, was calculated for the four groups. Incremental cost-effectiveness ratio (ICER), which is expressed as difference in incidence of cardiovascular events between diabetics and nondiabetics, was calculated to compare diabetics and nondiabetics implemented PCI with regard to both costs and effects. They are defined as:
where P is the inpatient incidence of cardiovascular events, C is average hospitalization cost, ΔP is the difference in inpatient incidence of cardiovascular events between different interventions, ΔC is the difference in costs between each intervention, P 1 and P 0 are the inpatient incidence of cardiovascular events, and C 1 and C 0 are average hospitalization costs.
Results
In For the four groups, there was no difference in diastolic blood pressure, cholesterol, low-density lipoprotein cholesterol, white cell count, platelet count, or uric acid, or in the use of β-blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, or acetylsalicylic acid (P.0.05). Height, weight, body mass index, systolic blood pressure, heart rate, triglycerides, high-density lipoprotein cholesterol, red cell count, hemoglobin, fibrinogen, incidence of PCI, and there was difference in use of nitrate esters, diuretics, and calcium channel blockers among the four groups (P,0.05, Table 1 ). Total hospitalization costs and treatment costs were lower for diabetic patients than for nondiabetic patients (P,0.05), but mean duration of hospital stay was longer for diabetics than for nondiabetics (P,0.05, Table 2 ). Total costs, treatment costs, laboratory testing fees, consultation fees, and bed fees were lower in older nondiabetic patients than in younger nondiabetic patients (P,0.05), and the mean hospital stay was shorter for older nondiabetics than for younger nondiabetics (P,0.05). Older diabetic patients incurred lower total costs, treatment costs, laboratory testing fees, consultation fees, and bed fees than younger diabetic patients (P,0.05), and the mean hospital stay was shorter for older diabetics than for younger diabetics (P,0.05). There was no difference in total costs, treatment costs, total drug costs, inspection fees, bed fees, nursing fees, or hospital stay between older diabetics and older nondiabetics (P.0.05).
There was also no difference in total costs, treatment costs, total drug costs, inspection fees, bed fees, nursing fees, or hospital stay between younger diabetics and younger nondiabetics (P.0.05). In older patients, laboratory testing fees were higher for diabetics than for nondiabetics (P,0.05). In addition, older patients with diabetes incurred lower total costs, treatment costs, total drug costs, inspection fees, consultation fees, and bed fees than younger patients without diabetes (P,0.05), and mean hospital stay was shorter for older diabetics than for younger diabetics (P,0.05, (Table 4 ). In the univariate general linear model, diabetes did not have an impact on hospitalization costs or duration of hospital stay in older patients with acute MI, whereas stenting was an important factor affecting hospitalization costs and hospital stay. In addition, diabetes and stent are not interaction terms in affecting the hospitalization costs and hospital stay of older patients with acute MI (Table 5) .
The incidence of acute HF was higher in older inpatients than in younger inpatients from the diabetic group (19.7% versus 7.1%, P,0.05) and nondiabetic group (11.5% versus 2.7%, P,0.05). The incidence of acute HF was higher in older diabetic inpatients than in their nondiabetic counterparts (19.7% versus 11.5%, P,0.05), as was event-free survival (80.3% versus 88.5%, P,0.05). In addition, event-free survival of younger inpatients without diabetes was higher than in older inpatients with diabetes (92.2% versus 80.3%, Table 7 Influence of stenting on the incidence of hospital events and event-free survival 
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Fu et al P,0.05). For nondiabetic inpatients, the incidence of atrial arrhythmia was higher in the older group than in the younger group (P,0.05). For diabetic inpatients, the incidence of ventricular arrhythmia was higher in the older group than in the younger group (P,0.05), but the incidence of secondary revascularization was lower (P,0.05, Table 6 ).
In the older age group, PCI decreased the incidence of acute HF in both diabetics (27.8% versus 4.3%, P=0.001) and nondiabetics (18.2% versus 3.8%, P=0.001), and decreased mortality in older inpatients without diabetes (9.1% versus 1.9%, P=0.022). PCI also increased the event-free survival rate in older inpatients with diabetes (72.2% versus 91.5%, P=0.008, Table 7 ).
Binary logistic regression showed stenting (odds ratio 0.189, 95% confidence interval [CI] 0.059-0.602, P=0.005) and body weight (odds ratio 0.957, 95% CI 0.918-0.998, P=0.038) to protect against acute HF in older patients with acute MI. Heart rate (odds ratio 1.045, 95% CI 1.020-1.072, P=0.000) and uric acid (odds ratio 1.006, 95% CI 1.002-1.009, P=0.003) were risk factors for acute HF in older patients with acute MI (Table 8) .
Analysis of cost-effectiveness
When the CER was calculated based on average total costs for older patients with acute MI, the inhospital incidence of acute HF after implementing PCI was lower in diabetics (0.53% versus 7.51%) and nondiabetics (0.47% versus 4.55%) than when PCI was not performed. When the CER was calculated based on average treatment costs, the inhospital incidence of acute HF after implementing PCI was also lower in diabetics (1.43% versus 4.96%) and nondiabetics (1.00% versus 2.94%) than when PCI was not performed (Figure 1) .
For older patients with acute MI, the ICER estimate for implementing PCI was higher in diabetics than in nondiabetics when ICER was calculated based on average total costs (−5.30% versus −3.50%) and average treatment costs (−9.60% versus −4.50%) from the perspective of reduction in inpatient incidence of acute HF after implementing PCI (Figure 2 ).
Discussion
The main findings of our study are that older patients incurred lower total costs and treatment costs than their younger counterparts and that diabetes does not have an impact on hospitalization costs for patients with acute MI. Stenting is an important factor affecting hospitalization costs in older patients. Implementation of PCI can reduce the incidence of acute HF in older inpatients with acute MI, but not in younger ones.
In this study, older patients incurred lower total costs and treatment costs than younger patients, and the hospital stay was shorter for older patients than for younger patients, independent of diabetes status. For older patients, stenting was a more important factor affecting hospitalization costs than diabetes. Moreover, there was no relationship between diabetes and stenting with regard to hospitalization costs or duration of hospital stay in older patients with acute MI. 
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A B Figure 1 Cost-effectiveness ratio was calculated from the perspective of reduction in the in hospital incidence of acute heart failure in older patients with acute myocardial infarction after implementing percutaneous coronary intervention. Notes: DM-, nondiabetic; DM+, diabetic. (A) Cer was calculated based on the average total costs; (B) Cer was calculated based on the average treatment costs. Abbreviations: DM, diabetes mellitus; Cer, cost-effectiveness ratio. The incidence of acute HF decreased with increasing total costs and treatment costs in inpatients with acute MI. The incidence of acute HF was higher in older inpatients than in younger inpatients, but their hospitalization costs were lower. While diabetes was associated with an increased incidence of acute HF in older inpatients, it did not have an impact on hospitalization costs. It has been reported previously that age is a major independent predictor of HF after acute MI 31 and that diabetes mellitus is associated with the development of diastolic heart failure, 32 and our results are in accordance with these reports. In addition, inpatient event-free survival increased as total costs and treatment costs increased. Although older patients incurred lower hospitalization costs than younger patients, there was no difference between older and younger inpatients with regard to event-free survival. The presence of diabetes decreased event-free survival in older inpatients, but had no impact on hospitalization costs.
PCI is one of the most powerful predictors of improved outcome in patients with acute coronary syndrome. 33, 34 The results of our study suggest that, in elderly inpatients, PCI can reduce the risk of acute HF, decrease mortality in those without diabetes, and increase the event-free survival rate in those with diabetes. Our cost-effectiveness analysis shows that the ICER estimate for implementing PCI is higher in diabetics than in nondiabetics from the perspective of decreasing the incidence of acute HF in inpatients, but only for the elderly, ie, implementation of PCI after acute MI in older diabetics is more cost-effective than in nondiabetics.
In conclusion, implementation of PCI in older inpatients can reduce their risk of acute HF and increase their likelihood of event-free survival. Although PCI clearly increases the hospitalization costs, it is relatively more cost-effective in older patients with acute MI. Moreover, older patients with acute MI and diabetes mellitus benefit more from PCI than those with acute MI and without diabetes mellitus.
Our study has several limitations. First, it was retrospective in nature and we could not determine the long-term impact of type 2 diabetes in older patients with acute MI. Second, it did not include patients who had undergone coronary artery bypass grafting, so we could not compare its benefits relative to those of PCI. Third, it was a singlecenter study, and the possibility of bias arising from this cannot be excluded.
